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Abstract. This paper exposes an extension of the simplest mathematical model of soil organic 
matter decomposition. The equation of this model is very common in the literature, for example, 
Davidescu and Davidescu (1981), or Willigen et al. (2008), considering some changes in a single 
model-components, such as Schnitzer and Khan (1978). The main idea is that the development of 
natural processes, is directly influenced only by the natural parameters (temperature, humidity, etc.), 
and only indirectly by the temporal parameter. The model proposed in this paper express this idea. 
Time dependence of the concentration of organic matter in soil is due only by the time dependent 
describing of the natural parameters evolution. This time dependence facilitates on human observer the 
understanding and communication.  The prognosis of the concentration of organic matter in soil and 
the evaluating of the fertilizer management are application of the model.  
 




 The evolution of the organic matter in soil is a more important characteristic for the 
operations that take place in order to obtain qualitative and quantitative adequate and balanced 
crops, see European Comission (2010). Knowledge and prediction of the evolution of organic 
matter in time for an agricultural area, leading to optimal fertilizer management (on time and 
in appropriate amounts).  Thus, is obtain a harvest with adequate quality and quantity and not 
be thrown into the environment chemicals unnecessarily avoiding any pollution, no matter 
how small it is. 
 
MATERIALS AND METHODS 
 
 The instruments used to achieve the goal stated in summary, are: differential equations 
that modeling the phenomenon of decomposition of organic matter in soil, annual 
distributions of average temperature and humidity in the soil and a software program with 
which the results are graphic presented. 
 
Mathematical modeling of organic matter decomposition 
 
 For the mathematical modeling of soil organic matter decomposition, we started to a 
model given in the literature: Davidescu and Davidescu (1981), Willigen et al. (2008). 
Mathematical models of decomposition of organic matter, which appear in this paper, are 
maximum simplified. In the original, the evolution of soil organic matter concentration 
depends on time. However, no organic matter or other life forms and processes generally do 
not depend directly on time, not „feel”, not „discern” time. These forms of existence (organic 
matter) becomes (pass from one form to another, the forms are characterized by different 
properties claimed by the human observer) due to natural parameters variation 
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(mathematically, physical fields that characterize the subject of mathematical model: 
environment) such as: temperature, humidity, pressure, illumination intensity, radiation, etc. 
Generally, any other parameters can be reduced to the dependence of those above 
(geographical coordinates dependence can be reduced on the climatic parameters).  
The biodegradation phenomena have spatial characteristics, because the action of 
gravity and rainwater or groundwater moves organic matter, at least in the vertical plane lands 
and all three directions in a kneaded landscape. 
Consequently, the evolution of organic matter can be described by a function 
dependent on the physical parameters of the environmental system considered and on the 
spatial coordinates: 
 
( , , , , , )m m T p u x y z= ,         (1) 
 
where T is the temperature in Celsius degree, p is the pressure in Pa, u is the soil moisture in a 
decimal fraction, x, y, and z are spatial coordinates relative to a fixed landmark. As arguments 
of the function of soil organic matter concentration, can appear various types of radiation 
intensities: electromagnetic, gamma, beta or other radiation sources. These radiations have 
been neglected in this paper. 
 To achieve a comprehensive mathematical model it should be noted that organic 
matter is a composite of several substances. For each of these components, it builds a model 
of the type described above and the concentration of organic matter in soil will be designated 
as the sum of concentrations of components in this composite. Therefore, what follows refers 
to a generic component of the composite organic matter. It is assumed that the components do 
not chemically react. 
 Is considered the equation of organic matter decomposition, by Davidescu and 
Davidescu (1981), or Willigen et al. (2008) with some changes to a monocomponent mode, 




= − + ,          (2) 
 
where m is the organic matter average concentration (generic component) on a deep interest in 
agriculture, k is the coefficient of loss of organic matter for specific unit – coefficient of 
mineralization, and function a, with the time argument, is the concentration of organic matter 
added within the development process time tracking. Let m0 the initial concentration of 
organic matter, thus:  
 
0 0( )m t m= .          (3) 
 
By assumption, it considers the following form of k: 
 
),( uTkk = ,           (4) 
 
where T and u are the temperature (in Celsius degree), and humidity in sol. 
Man controlling natural processes in their development through the time parameter, in 
fact, all through a natural system, a phenomenon (vibration and oscillation of a physical 
system, etc.). In this way the temperature and humidity descriptions appear as discrete time 
series. These series are reported by the weather stations. Then from (4): 
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( ) ( ) ( )( , ) ( , )k k T u k T t u t k t= = = ,       (5) 
 
Phenomena of organic matter decomposition are slow compared to usual mechanical 
phenomena. The natural time series of various parameters are very large range of sizes. Only 
for a year (often time for a minimum acceptable study), if samples are taken one hour, results 
8760 – 8784 samples. This means that temperature range and other parameters have a few 
thousand to hundreds of thousands or even millions of components. Therefore, to achieve the 
predicting of the organic matter evolution, is used differential equation (2), initial condition 
(3) and a relation like (5) for the coefficient k. Differential equation is expressed in continuous 
time variable, while the data of observation, temperature, humidity T and U are given as 
discrete time-dependent variable. As a result, the problem thus formulated cannot be solved.  
  
 
Methods of solving the problem 
 
 To solve the problem of predicting the evolution of organic matter, however, there are 
two possible ways: 
-interpolation of the observation data, i.e. the transition from strings (ti, Ti), (ti, ui), i= 1…n, at 
the functions of continuous variable T=T(t) and u=u(T), and obtain prediction of the evolution 
of organic matter concentration by solving differential equation (2), as m=m(t); 
- meshing of the differential equation using the time step of experimental data (temperature 
and humidity, for example) and deduction of the organic matter evolution  prediction by 
solving an equation with finite differences, (ti, mi). 
 Interpolation of observation data is difficult due to the large number of samples and 
relatively sudden change in there. These features generate large interpolation errors. For this 
reason is preferred the second way of solving. The differential equation (2) is transformed into 













.         (6)  
 
Using (6), the differential equation (2), with initial condition (3) and observation data, is 
obtaining the following equation with first order finite differences: 
 
( ) ( )( )( )1 1, ,i i i i i i i im m a t k T u m t t+ += + − −       (7) 
 
with m0 given by (3). If is denoted: 
 
( )( ), ,i i i i ia a t k k T u= = ,        (8) 
 
then the difference equation (7) can be simply written: 
 
( )( )1 1i i i i i i im m a k m t t+ += + − − .       (9) 
 
To solve the equation (9) with initial condition (3), we need two essential information: the 
sequence of quantities of organic material added to soil, ai and the sequence of the coefficients 
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of mineralization, ki. If the sequence ai is given like knowing data by the fertilizer 
management, the sequence of the mineralization coefficients requires not only the knowledge 
of the temperature and soil moisture sequences in the forecast period, but the relationship 
between mineralization coefficient, k and such parameters. 
 Specifying the relationship between the coefficient of mineralization and 
environmental parameters involved (for this work, only temperature and humidity) is an 
experimental problem. 
Kirschbaum (2000), gives a hint on a possible form of the rate of mineralization of 
organic matter. By My Agriculture Information Bank (2011), mineralization rate is highest at 
temperatures between 30 and 40 Celsius degree in the soil and at humidity between 60 and 80 
% of the water holding capacity. According to these claims is more plausible the following 








T T u u
b bk T u eα
− −
− −
= ,        (10) 
 
where e is the base of the natural logarithm, Wolfram MathWorld (2011). The parameters of 
the function (10) are given so that its maximum value to be at the center of two-dimensional 
interval [T0, T1]×[u0, u1], where it is assumed that the influences of temperature and humidity 
about the decomposition of organic matter are the maximum. The opening of Gaussian curves 
approximately fall the length of each interval, and the average value of the k function to be 
within appropriate experimental interval. Thus, if T0= 30o, T1=40o, u0=0.3, u1=0.4, may be 
taken: Tm=35o, um=0.35, bT=200o, bu=0.05, aT=0.5, au=0.3, T ua aα = . The values of the 
parameters of k function can be obtained from the experimental data by the method of the 
least squares, for example.  
 Hypothesis (10) is only one of the many possible. This hypothesis corresponds to the 
constitutive equations of the theory of materials. Therefore, the function may have not only 
different values of the parameters, but also quite different functions forms involved in 
describing the behavior of organic matter in the thermal field (see for example Sierra C.,A., 
(2011)) and wet soil, see Ise and Moorcroft (2006), Kirschbaum (1995), Kätterer et al. (1998), 
Mary and Guerif (1994). It also can introduce components of type (10) to model the action of 
pressure or radiation fields of various types.  
 
 
RESULTS AND DISCUSSIONS 
 
 To a better understanding how the mathematical model described above work, we 
have realized a case study. It is assumed that we have an area of land with a uniform 
distribution of organic matter with average value m0= 2.5 % in the soil layer of 0 – 10 cm 
depth. It is assumed that the rate of organic matter loss is given by function (10). For 
calculation of the parameters of k function have been used data from the preceding paragraph. 
 The significant external factors, thermal regime in 2007 and moisture in the soil layer 
of interest (0-10 cm), are meteorological data collected by the ICDVV Valea Călugărească 
weather station. In Fig. 1 is plotted the daily variation of the average temperature in soil and in 
Fig. 2 the daily variation of the average humidity in the soil top layer, both during the year 









Fig. 2. Variation of the daily average humidity in soil in 2007 in the ICDVV Valea Călugărească area. 
 
 









Fig. 5. Daily variation of the organic matter in the top soil on the ICDVV Valea Călugărească territory, when the 
organic matter is added in the day 140 with a quantity corresponding to 0.2 % organic matter concentration 
 
Rainfalls of 2007 in the ICDVV Valea Calugareasca area are characterized by a 
Fournier index with the value 30.2 and Fournier modified index with the value 70.621. Both 
values shows that the rainfalls are included in the class of low erosion (5 – 12 t/ha per year). 
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 For the first simulation, it will assume that no additives of organic matter during the 
year, even of plant (parasitic vegetation that would be developed on land). Therefore ai = 0 for 
all i =1…365. In this case, the variation of the organic matter concentration in the soil top 
layer is show in the Fig. 4. Is sees that the organic matter concentration decreases in steps, 
according by the temperature and humidity intensity. For high temperature or humidity peaks 
appear distinct decrease steps of the organic matter concentration. Loss of organic matter 
during the year 2007 is approximately 67.9 %. If in the day 140 of the year was added a 
quantity of organic matter corresponding to a concentration of 0.2 %, then the daily variation 
in the concentration of organic matter in the top soil layer should be varied like in Fig. 5. Is 
observed upward jump of the day 140. Final consequence: total soil loss from the beginning is 




 The mathematical model taken from Davidescu and Davidescu (1981) or Willingen et 
al. (2008) and modified, is able to predict the evolution of the concentration of organic matter 
in soils of agricultural use. This model can also reveal the inputs of organic matter in the 
system and their effects. This prediction takes into account the crops and organic matter inputs 
through fertilization treatments.  
 Evolution of soil organic matter concentration does not depend on time, but the 
intensity of external fields acting on organic matter: temperature, humidity, pressure, 
radiation, etc.  
Time dependence is artificial, because of the human observer need to represent 
features of phenomena in a system of observation and convenient graphical representation. 
 The model can be used to determine the data and amount of fertilizer to be added to 
maintain or bring the concentration of organic matter to the optimal parameters for a 
particular type of culture.  
The mathematical model described in this article, is a tool which, to make prediction 
of soil organic matter development, needs of the initial state of its concentration. Spatial 
distribution of soil organic matter in the baseline of prediction is determined by classical or 
automatic scanning, for example, by spectrophotometer technologies, Muraru et al. (2011) or 
see Veris Technologies web page (2011), NRCSSoil Organic Carbon Map (2003), Batjes, 
(2002). Automatic scanning produces a much higher resolution map then that obtained 
through the classical way, but at the same time more expensive. With such a spatial map of 
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